SPECIFICATION 



Docket No. 0544MH-40110 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that I, Craig Schmidt, residing in the State of Massachusetts, 
have invented new and useful improvements in a 

SYSTEM AND METHOD FOR MATCHING BUYERS AND SELLERS 

IN A MARKETPLACE 

of which the following is a specification: 
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CROSS REFERENCE TO RELATED APPLICATIONS 

1 The present application claims the benefit of US Provisional application 

2 No. 60/1 88, 974, filed March 1 3, 2000. 

BACKGROUND OF THE INVENTION 

3 1. Field of the Invention: 

4 The present invention relates generally to a computer assisted marketplace, 

5 and more specifically to a system and method for automatically matching buyers 

6 and sellers in a computerized marketplace, and determining the transaction prices. 

7 2. Description of the Prior Art: 

8 As computer networks have entered most parts of the business world, 

9 they are used to assists in business transactions previously performed entirely 

10 manually, or with minimal automatic assistance. One area in which 

11 interconnected systems are becoming commonly used is in the automated 

12 purchasing of products, both by business at the wholesale level, and individual 

13 purchasers at the retail level. Various types of online marketplaces are growing 

14 to enable online purchases. 

15 At present, most online marketplaces use some form of auction to set 

16 prices and determine a match. There are many forms of auctions, which are 

17 reviewed in P. Klemperer, "Auction Theory: A Guide to the Literature," Journal of 

18 Economic Surveys, 13 (3), 1999, 227-286. The form that will be most useful for 



Patent Application 401 10.doc 



Page 2 of 32 



1 the present purposes is a sealed bid auction. In this auction, there is one item for 

2 sale. Several buyers give sealed bids 20 to the auctioneer. As illustrated in 

3 Figure 1 , the seller also gives the auctioneer a reserve price 22, which is the 

4 worst price (or lowest price in this case) that he or she will accept for the item. 

5 If any of the buyers' bids are higher than the reserve price 22, then the 

6 seller is matched with the highest bidding buyer. (Otherwise, no sale occurs.) In a 

7 first price auction, the buyer pays the price of their bid, and in a second price or 

8 Vickery auction the highest bidder pays the second highest price. As described in 

9 Klemperer, the expected revenue from first and second price auctions are the 

10 same, since rational buyers will adjust their bids accordingly to account for the 

11 "winner's curse." 

12 There is also a sealed bid reverse auction, where a buyer accepts bids to 

13 buy something at the lowest price. This is often used in procurement. As 

14 illustrated in Figure 2, sellers give bids 24 specifying their lowest price, and the 

15 buyer's reserve price 26 is the worst high price that he or she will accept. 

16 A matching market can be viewed as a combination of several forward 

17 and reverse auctions happening simultaneously. The marketplace sorts out 

18 which matches actually occur, so that each item is only bought or sold one time, 

19 and sets the price for the transaction. A matching is a pairing of buyers with 

20 sellers so that each participant has at most one partner. Some participants may 

21 be left unmatched, which is inevitable if the number of buyers and sellers is 

22 unequal. 
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1 Automated marketplaces presently available do not adequately provide 

2 the best value for all participants. Also, they may not be stable, in the sense that 

3 a solution that is achieved is better for all participants than those participants 

4 could achieve on their own. These limitations have prevented matching 

5 marketplaces from becoming accepted as a mechanism to match buyers and 

6 sellers of products automatically. 

7 It would be desirable to provide a system and method that could 

8 automatically match buyers and sellers in a marketplace. It would be further 

9 desirable for such a system and method to provide optimum results and ensure a 
10 stable result. 
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SUMMARY OF THE INVENTION 

1 In accordance with the present invention, a system and method for matching 

2 buyers and sellers in a marketplace accepts limit bids and offers into a central 

3 system. Periodically, an optimizing algorithm is executed to match buyers and 

4 sellers. The algorithm utilizes techniques to maximize global utility. After buyers 

5 and sellers are matched, a transaction price is calculated for each pairing. The 

6 transaction price is selected to ensure that each participant executes the 

7 transaction at that participant's best effective transaction price. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

1 The novel features believed characteristic of the invention are set forth in the 

2 appended claims. The invention itself however, as well as a preferred mode of use, 

3 further objects and advantages thereof, will best be understood by reference to the 

4 following detailed description of an illustrative embodiment when read in 

5 conjunction with the accompanying drawings, wherein: 



6 Figurel and 2 illustrate auctions and reverse auctions; 

7 Figure 3 illustrates linear utility in accordance with the present invention; 

8 Figure 4 is a first example showing operation of the present invention in a 

9 marketplace having four sellers and four buyers; 

10 Figure 5 is a table showing limit prices for the example of Figure 4; 

1 1 Figures 6, 7, and 8 are input files for a linear programming solver used in the 

12 example of Figure 4; 

13 Figures 9 and 10 are graphs illustrating solutions of the example of Figure 4 

14 in accordance with the present invention; 

15 Figure 1 1 is a graph showing buyer and seller relationships and limits in 

16 accordance with a second example; 

17 Figures 1 2, 1 3, and 1 4 are input files for a linear programming solver used in 

18 the example of Figure 1 1 ; 
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1 Figure 15 is a graph showing optimal participant matching and transaction 

2 prices for the example of Figure 1 1 ; and 

3 Figure 16 is a block diagram of a system used to implement the preferred 

4 embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 



1 The following discussion explains the general approach to be taken to 

2 implement the preferred matching marketplace, followed by the mathematical basis 

3 for the preferred matching algorithm. 

4 The following description will use linear utility as a way of measuring a 

5 participant's preference for one match over another at given prices. This 

6 assumption is quite prevalent in the matching literature. Nevertheless, if desired 

7 convex nonlinear utility preferences could be used, which would change most of 

8 the following to a convex program, rather than a linear program. Consider that 

9 buyer / is trying to decide between the two items from / and k. From the definition 

10 of the reserve price, we know that /' is indifferent between being matched to j or k 

11 at their respective reserve prices. What if buyer / could be matched with y'at price 

12 pij, or with k at price p ik ? The linear utility a of a match is the absolute value of the 

13 difference between the price and the reserve price. According to Figure 3, the 

14 linear utility would be greater for a match with k, so buyer / will prefer that match. 

15 Note that this is in spite of the fact that seller / has a higher reserve price. Of 

16 course symmetric definitions exist for a seller considering two offers from buyers. 

17 For example, if buyer i sets a limit price of $40 for a purchase from seller j, 

18 and seller j sets a limit price of $25 for a sale to buyer i, the linear utility of a 

19 match between i and j is simply $1 5. 
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1 A concept important to the preferred embodiment is that of stability. 

2 Stability in a set of participants means that no participant can obtain an improved 

3 deal by pairing with a different buyer or seller. A solution that is stable ensures 

4 that each participant has done as well as they could without participating in the 

5 matching marketplace. 

6 Consider a matching where buyer / has utility uu seller j has utility uj, and /' 

7 and j are not matched to each other. If m - rp > u-, + u s then /' and / would increase 

8 their total utility by pairing with each other rather than their current matches, and 

9 we say / and j form a blocking pair. It will always be possible to find a price p 

10 (where r$ - u-,> p> rp + uj) that will allow both / and / to increase their utility by 

11 changing partners and matching with each other. A stable matching is one 

12 without a blocking pair. It has been observed that marketplaces producing 

13 matches that are unstable break down over time. One well known example is the 

14 program that matches medical residents to hospital internships. Fortunately, both 

15 the assignment game and marketplace described herein will produce matches 

16 that are stable. 

17 The following discussion presumes that an automated marketplace has 

18 been implemented, as illustrated in Figure 16. The automated marketplace is 

19 implemented through a marketplace server 30, which serves as a central data 

20 repository and is responsible for running the market. This could be a single, 

21 centralized machine, or can be distributed in various ways as known in the art. 

22 The server 30 retains data reflecting public information 32 and private information 
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1 34. Also, a matcher process, to be described in detail below, is part of the server 

2 30 and operates the actual matching process. 

3 Numerous buyers 38 and sellers 40 are connected to the server 30. 

4 buyers 38 and sellers 40 communicate information to the server 30 to enable the 

5 market to be operated. Some of this information is made publicly available to 

6 participants in the market, while other information is kept private. 

7 Sellers provide products or services for sale, and list a limit price for such 

8 products and services. The limit is the lowest price at which the seller will sell 

9 that product. Each buyer lists products that they will purchase, and lists a limit 

10 price that is the maximum they will pay. The limit prices are retained as private 

11 information, not available to anyone other than the participant that entered them. 

12 Availability of products, and the fact that they are being bid on, are public 

13 information. 

14 In its simplest form, the market deals in a single type of product, or at least 

15 products that are deemed interchangeable, and all buyers are willing to buy 

16 products from any seller. In a more complex form, buyers can select a subset of 

17 sellers from whom they are willing to buy the product, and sellers can select a 

18 subset of buyers to whom they are willing to sell. Each buyer and seller can, if 

19 desired, set a different limit price for each seller or buyer with whom they are 

20 willing to pair. 

21 A particular buyer can only be paired with a particular seller if both are 

22 willing to be paired with each other. If only one is willing, that particular pairing is 
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1 ruled out. If desired, a buyer or seller can indicate a willingness to be paired with 

2 anyone, which becomes the ail-to-all case when selected by all buyers and 

3 sellers. 

4 The ability to select other participants with whom a participant is willing to 

5 be paired is preferably combined with an ability to set a different limit price for 

6 each potential pairing. This lets each buyer and seller determine any non- 

7 purchase-price factors they wish to consider, and incorporate them into the limit 

8 price for that potential pairing. For example, if a particular seller is preferred by a 

9 buyer, that buyer might set a higher limit price for that seller than any other. 

10 Because of the higher limit price, the buyer is more likely to be paired with that 

11 seller. Lower limits can be set for other sellers, and if a buyer gets paired with a 

12 non-preferred seller, the purchase price will be lower to compensate. 

13 As will be understood from the following description, this selective ability 

14 allows the marketplace to handle numerous different products simultaneously. If 

15 three different products are offered for ale, the interested buyer selects those she 

16 wishes to purcase by simply identifying the sellers of those products, only, as 

17 those with whom she is willing to pair. Also, the matcher can be run on only 

18 certain products at one time, simplifying the overall matching problem. 

19 Each buyer and seller is considered to be bidding or offering on only a 

20 single product. If a buyer wants more than one product, each purchase is 

21 considered to be a separate bid, by a separate "buyer." In a similar manner, 
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1 each item offered by a seller is considered to be separate. Multiple products can 

2 be considered as an extension of this model, as described below. 

3 The matching process is performed in a batch mode. Numerous bids and 

4 offers are entered into the system through the server 30. On a periodic basis, 

5 such as hourly, daily, weekly, or whatever period is appropriate, matcher 36 is 

6 invoked on the pending bids and offers to match participants, and to determine 

7 the purchase price. The process by which this is performed is described in detail 

8 below, but is generally a two step process. First, buyers and sellers are paired 

9 so as to maximize the overall utility obtained by the system. This maximization is 

10 a typical linear programming process given the constraints of the system. In the 

11 second step, the transaction price for each pair is calculated. This calculation is 

12 performed so that the solution is stable; that is, so that each participant can do no 

13 better by changing the pairing to some other than the one selected by the 

14 automated process. 

15 The process of the invention is similar to a technique known as the 

16 assignment game. A description of this approach can be found in L.S. Shapley 

17 and M. Shubik, "The Assignment Game I: The Core," International Journal of 

18 Game Theory, 1, 1972, 111-130. Much of the notation used herein comes from 

19 A.E. Roth and M.A.O. Sotomayor, Two-Sided Matching: A Study in Game- 

20 Theoretic Modeling and Analysis, Cambridge University Press, 1990, 2-10. 

21 However, the model used by the present invention is different than the 

22 assignment game, and the techniques for solving the model are also different. 
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1 



The mathematical description of the relevant constructs is as follows: 



2 Index sets 

3 i e P set of buyers \p\ = m 

4 jeQ set of sellers \Q\ = n 

5 Variables 

6 ueSi m utility of buyers 

7 ve9T utility of sellers 

8 Xy e {0,1}"*" 1 if buyer /' is assigned to seller j, and 0 otherwise 

9 Parameters 

0 r v Vi ePJeQ reserve price of buyer /' with respect to seller j 

1 r p Vi ePJgQ reserve price of seller / with respect to buyer / 

2 a- = \ T}i r '' rp > r ° Vi ePJeQ utility of matching buyer / with seller j 

3 Primal Problem P1 : 

4 max^^a,^ objective to maximize linear utility 

i€P j€Q 

5 Yj x ij - 1 Y/ e C n0 sel,er / can be matched with more than one buyer / 

ISP 

6 < 1 Vie P no buyer / can be matched with more than one seller j 

m 

7 x i} > 0 Vi gPJgQ assignment variables must be nonnegative 

8 The Xij variables represent the assignment of buyer / to seller j by taking a 

9 value of 1 , or no assignment by taking a value of 0. Problem P1 is an integer 

20 programming problem because of the restrictions that the x,j variables take 

21 values of 0 or 1. This problem is also called the assignment problem. It is well 

22 known that the assignment polytope is totally unimodular, meaning that all 

23 optimal solutions for P1 will naturally take values of 0 or 1 for each variable. 
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1 Problem P1 can be solved efficiently by the network simplex method, or a 

2 specialized procedure like the Hungarian algorithm. 

3 Dual problem D1 : 

4 min^ + ^v,. 

5 u t >0 VieP 

6 v ; >0 Y/efi 

7 Ui+VjZciy ViePJeQ 

8 This problem is the dual of P1 . The constraints of problem D1 ensure that 

9 the utility of a final matching is stable. Informally, it says that any buyer-seller pair 

10 must get as much total utility as they could by being matched with each other. It 

11 is interesting to note that problem D1 is also the linear programming dual of P1. 

12 By strong duality, the optimal objective value of the primal problem must equal 

13 the optimal objective value of the dual problem. Thus we have: 

14 

ieP jeQ feP jeQ 

16 It is possible to solve the assignment game by using a commercial Linear 

17 Programming solver on problem D1 . The utility of each participant is given by the 

18 u and v variables. It is possible to tell which buyers and sellers are matched by 

19 examining the binding constraints. If there is a constraint where u. + v } =a u , then 

20 buyer /' is paired with seller j in the matching. 

21 The constraints of problem D1 ensure that the solution is stable. However, 

22 stability is not enough to guarantee a unique solution. In fact, as we will see in 
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1 the following section, there are an infinite number of possible solutions. There is 

2 a single stable solution that maximizes the benefits for each individual buyer 

3 (termed the P-optimal solution), and a single stable solution that maximizes the 

4 benefits for each individual seller (the Q-optimal solution). Roth and Sotomayor 

5 provide an algorithm that is a generalization of a Vickery auction that can be 

6 used to find a P-optimal or Q-optimal matching. 

7 Once there is a feasible payoff (u,v) for a feasible assignment x, the prices 

8 paid by each match can be determined as: 

9 P i =r u -u i Vi£P,l\x n =l 

10 Pj = r jk +Uj \/jeQ,k\x kj =l 

11 In the following discussion, the focus will be on determining the utility (u,v) 

12 for the participants. It is important to remember that each buyer will pay a price of 

13 their reserve price minus this utility, and each seller will pay a price of their 

14 reserve price plus the utility. 

15 The auction procedure of Roth and Sotomayor for finding P-optimal and 

16 Q-optimal solutions is quite specific. In addition to a few simplifications (such as 

17 the reserve prices for the seller being the same for all buyers), the algorithmic 

18 nature of the procedure makes it more difficult to work with than a purely linear 

19 programming approach. The preferred embodiment uses a new way to find the 

20 P-optimal and Q-optimal solutions to the assignment game, as well as variations 

21 in between. Later in the discussion, it will be seen that it easily generalizes to 

22 incorporate many economically useful features. 
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The preferred calculations are as follows: 



2 1 . Solve model P2, and let the optimal objective value be z*. The buyers and 

3 sellers are paired using the x# variables of P2. 

4 2. Solve the augmented dual problem D2 two times, with the different objectives 

5 given below. Find the P-optimal allocation, and then the O-optimal allocation. As 

6 described below, any desired A solutions can be computed by combining these 

7 two points. 

8 3. Determine the prices paid by each match as previously described, given the 

9 utility vector determined in step 2. 

10 Index sets 

11 !6P set of buyers |p| = m 

12 jGQ set of sellers \Q\ = n 

13 ie Pj c P set of buyers that seller j is interested in matching 

14 j e Q i c Q set of sellers that buyer / is interested in matching 

15 (/, j)<=M = PxQ\ie P } a j e Q, set of mutually interested pairs of participants 

16 Variables 

17 we9T utility of buyers 

18 ve9T utility of sellers 

19 {O,!}"*" assignment of buyer / to seller j 

20 Parameters 

21 r v V/ g PJeQ reserve price of buyer /' with respect to seller j 

22 r., Vie PJzQ reserve price of seller / with respect to buyer / 



23 




utility of matching buyer / with seller j 
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1 Primal Problem P2: 

2 max 2X x y 

3 ^ Xij <l VjeQ 

4 JX" 1 Vl ' eP 

m 

5 ^>0 V(z\/)eM 

6 Dual problem D2: 

7 «,.>0 Vie/ 5 

8 v. >0 V/efi 

9 u,+Vj >a y . (i,j)eM 

10 5>,- + 5>, = z* 

11 This is an improvement over model D1, because it will give maximum, 

12 stable utilities for any arbitrary objective. This flexibility will be used to change the 

13 objective in finding our P-optimal and Ooptimal solutions. 

14 P-optimal solution: 

15 max^w, 

ISP 

16 subject to D2 

17 Note that this model has the remarkable property that it maximizes the 

18 individual utility of each buyer. That is, if u k is the optimal for arbitrary buyer k in 

19 the P-optimal solution, then u k will be same as the optimal objective of: 

20 max u k 

21 subject to D2. 

22 We will refer to the P-optimal solution by the vector (u, v) s 9T + " 
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1 Q-optimal solution: 

2 max^v ; . 

3 subject to D2 

4 This model has the same property that it maximizes the individual utility of 

5 each seller. 

6 We will refer to the Q-optimal solution by the vector (w, v) e 9T +n . 

7 There is a continuum of solutions between the P-optimal and Q-optimal. Any 

8 convex combination of the points (w,v) and (w,v) will also satisfy D2 and 

9 therefore be stable. (This is a well-known result for convex polytopes.) We will 

10 define theA-solution to be A(«,v) + (l-AX«,v), whereAe [0,l]. The 0-solution is 

11 the same as the Q-optimal solution, the 1 -solution is the same as the P-optimal 

12 solution, and the 0.5-solution is 'lair" since it is the midpoint between the two 

13 extremes. Many marketplaces will operate at some fixed value of A . 

14 Example 1 : All possible matches allowed 

15 The example now described is a numerical example using the simple 

16 matching method. There are four buyers called A, B, C, and D. There are four 

17 sellers called 1 , 2, 3, and 4. All possible matches between the buyers and sellers 

18 are permitted. The reserve prices of each participant can be seen in Figure 4. 

19 On this and subsequent graphs there are two copies of the data. The left 

20 hand graph gives the view from the buyers' perspective. For example, the four 

21 leftmost lines show the reserve prices of buyer A with respect to sellers 1-4. 
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1 Buyer A has a reserve price of $52 to be matched with seller 1, who has a 

2 reserve price of $30. The right hand part of the graph shows the same data 

3 sorted from the sellers' perspective. The height of the lines between the reserve 

4 prices gives the linear utility of a particular match. 

5 Figure 5 shows, in table form, the same information. On the left side, 

6 each row indicates the reserve prices that the buyer is willing to pay with respect 

7 to each buyer. For example, buyer A is willing to pay $60 to buy from seller 2, 

8 and $58 to buy from seller 3. The right side of the table indicates the reserve 

9 prices for the sellers. For example, seller 4 is willing to sell to buyer A for $31 , 

10 and buyer C for $33. 

11 The formulation of problem P2 for this problem is given in Figure 6. This 

12 format is the "LP" file format used by the CPLEX solver, which is a fairly natural 

13 representation. One linear programming solver that can be used, and has been 

14 used for these examples, is ILOG CPLEX 6.5, as described in the Reference 

15 Manual. The formulation of D2 with the P-optimal objective is given in Figure 7, 

16 and with the Q-optimal objective is in Figure 8. 

17 In both cases, it is seen that the utility expressions are the same. For 

18 example, in Figure 7, the total utilities of buyer A and seller 1 must be greater 

19 than or equal to 22, which is the difference between their reserve prices. This 

20 same constraint is seen in Figure 8. The only difference between these two 

21 programs is the objective equation to be maximized. The results are, 
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1 respectively, the optimal solution for the buyers, and the optimal solution for the 

2 sellers. 

3 Table I gives the optimal matches from problem P2: 

4 Table 1 



Buyer 


Seller 


A 


2 


B 


1 


C 


4 


D 


3 



5 Table II gives the optimal utility for the P-optimal, O-optimal, and midpoint 

6 solutions of D2: 



Table II 



Participant 


Buyer optimal 
utility 


Seller optimal 
utility 


"Midpoint" utility 


Buyer A 


21 


0 


10.5 


Buyer B 


34 


4 


19 


Buyer C 


22 


1 


11.5 


Buyer D 


19 


0 


9.5 


Seller 1 


1 


31 


16 


Seller 2 


15 


36 


25.5 


Seller 3 


0 


19 


9.5 


Seller 4 


12 


33 


22.5 



8 The objective for P2 was 124, the P-optimal objective was 96, and the Q- 

9 optimal objective was 119. Figure 9 gives a graphical form of the P-optimal 

10 solution. The heavy lines are the optimal matches. The heavy horizontal lines 

1 1 show the optimal prices of the buyers and sellers. Note that in order to be stable, 

12 a buyer and seller will share all of the utility produced between them, so the 
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1 buyer and seller prices are identical. Figure 10 shows the corresponding Q- 

2 optimal solution. 

3 If a midpoint is to be selected between the P-optimal and Q-optimal 

4 solutions, A is selected to be 0.5. As shown in Table II, this gives the midpoint 

5 between the two optimal solutions previously calculated. By varying X, the 

6 marketplace can be slanted more in favor of buyers or sellers, with 0.5 being 

7 considered as "fair." 

8 Example 2: Only certain matches allowed 

9 The previous example could have been solved by either our simple 

10 approach or the assignment game. This example extends the problem to only 

11 allow certain potential matches. There are five buyers called A through E, and 

12 four sellers, called 1 through 4. Figure 11 shows the nine mutually interested 

13 pairs of participants by lines connecting the rectangular boxes. The y axis of the 

14 figure shows the reserve prices. For example, Seller 2 is only interested in 

15 matching with Buyer A at a reserve price of $45 or Buyer B at a reserve price of 

16 $44. Figure 12 gives the listing for problem P2, Figure 13 gives the listing for the 

17 P-optimal D2, and Figure 14 gives the listing for the Q-optimal D2. The optimal 

18 solution is summarized in Figure 15. The matches are shown by the bold lines, 

19 and the optimal prices are also shown on the chart. Note that Buyer C was left 

20 unmatched. For exactness, the optimal utilities are also given in Table III: 
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1 



Table III 



rariicipani 


Buyer upiimai uiiuiy 


06llci W|JLIlllctl 

Utility 

w u 1 1 1 y 


"Midooint" Utilitv 


buyer a 


99 




17 
i / 


Ri ivpr R 


6 


3 


4.5 


Buyer C 


0 


0 


0 


Buyer D 


3 


0 


1.5 


Buyer E 


5 


0 


2.5 


Seller 1 


0 


10 


5 


Seller 2 


0 


3 


1.5 


Seller 3 


9 


12 


10.5 


Seller 4 


12 


17 


14.5 



2 The utilities shown in Table III are the differences calculated from the 

3 respective buyers' and sellers' reserve prices. For example, Buyer A has a buyer 

4 optimal utility of 22, meaning that the calculated price for Buyer A's buyer optimal 

5 utility is $52 (the reserve price) - $22 (the utility) = $30. As shown in Figure 15, the 

6 midpoint utility for Buyer A is $52 - $17 = $35. The remaining plotted points in the 

7 figure are obtained in the same manner. 

8 Buyer A's seller optimal, buyer optimal, and midpoint utilities, when added to 

9 the reserve prices, are marked as points 40, 42, and 44, respectively. Buyer B's 

10 seller optimal, buyer optimal, and midpoint utilities are marked as points 46, 48, and 

11 50, respectively. Buyer D's seller optimal, buyer optimal, and midpoint utilities are 

12 marked as points 52, 54, and 56, respectively. Buyer E's seller optimal, buyer 

13 optimal, and midpoint utilities are marked as points 58, 60, and 62, respectively. 

14 Buyer C did not make a purchase under this example. 

15 Referring to Figure 15, it can be seen that the solution generated as 

16 described provides a best case result for each involved participant. Also, the 
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1 results are consistent with what would be expected given the restraints imposed by 

2 the various buyers and sellers selections of possible matching pairs. Seller 1 , who 

3 will only sell to Buyer A, does not do as well as he would if he would sell to more 

4 than one buyer. Because Buyer A can buy from Seller 2 also, Seller 1 's seller 

5 optimal utility 40 is limited to a relatively low value ($40). The buyer optimal utility 

6 42 for Seller 1 is equal to Seller 1's reserve price, because of the lack of purchaser 

7 competition for Seller 1 's product. 

8 In a similar manner, Sellers 3 and 4 do relatively well, because each has a 

9 captive buyer (Buyer D and Buyer C, respectively) who will only buy from a single 

10 seller. This means that Seller 3 and Seller 4 can always sell to the captive buyer, 

11 so the optimal utility for these sellers is relatively high. In other words, a stable 

12 solution requires that Seller 3 and Seller 4 do no worse than they would if they sold 

13 to their respective captive buyers. This can be seen in the figure, with Seller 3 

14 having a seller optimal utility 52 equal to Buyer D's reserve price, and a buyer 

15 optimal utility 54 higher than Seller 3's reserve price. In a similar manner, Seller 4 

16 has a seller optimal utility 58 equal to Buyer E's reserve price, and a buyer optimal 

17 utility 60 higher than Seller 4's reserve price. 

18 Because Seller 2 has a relatively high reserve, Buyer A is paired with captive 

19 Seller 1 . this leaves Seller 2 in the same position as a seller who is captive to a 

20 single buyer. Thus Seller 2 has a seller optimal utility 46 that is lower than Buyer 

21 B's reserve price, and a buyer optimal utility 48 that is equal to Seller 2's reserve 

22 price. 
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1 The figure also illustrates that the resulting solution is stable. As 

2 previously described, stability occurs when each participant could do no better by 

3 being paired with a different participant. For example, the midpoint utility 44 for 

4 Buyer A is $35, corresponding to the midpoint utility of 17 in Table III. The 

5 maximum possible utility Buyer A could have obtained from Seller 2, its only 

6 other possible match, is 15 ($60 - $45). Thus, Buyer A cannot pair with another 

7 seller to obtain a better result than that obtained in the result shown. Seller 1, 

8 because it is unwilling to pair with anyone else, can do no better than the utility of 

9 5 as shown. 

10 The situation of Seller 4 is also illustrative. Seller 4 is guaranteed a 

11 minimum utility of 12, because captive buyer C is willing to buy at $40, and Seller 

12 4 is willing to sell to Buyer C at $28. Seller 4's midpoint utility is 14.5, as shown 

13 in Table III, so Seller 4 prefers to sell to Buyer E, and Buyer C does not make a 

14 purchase. Because of the constraints included in dual D2, each pairing is 

15 optimal for each participant and the resulting solution is stable. 

16 When many sellers are willing to sell to any buyer, and many buyers are 

17 willing to buy from any seller, the sparse solution will, in practice, approach the 

18 same result obtained in the first example, in which buyers and sellers did not limit 

19 their prospective pairings. When buyers and sellers wish to limit the possible 

20 pairings, the described algorithm produces both a pairing and a resulting 

21 transaction price that optimal and stable. 
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1 As previously described, the optimal matchings and pairings are 

2 performed using any widely available linear programming solver applied to the 

3 constraints set forth herein. Use of these constraints allows buyers and sellers to 

4 select the possible pairings they will allow. This can be used to differentiate 

5 between different products available in a single marketplace. Also, it allows both 

6 buyers and sellers to include non-price related factors in the market by adjusting 

7 their reserve prices for preferred pairings. 

8 Once the P-optimal and Q-optimal solutions are calculated, the remaining 

9 utility between these two values can be split up as desried between the buyer 

10 and seller of each transaction. Splitting the difference evenly can be considered 

11 "fair", but a preference for either side is implemented by simply selecting a ration 

12 other than 0.5 to share this utility. Also, if the marketplace is run by an entity that 

13 needs to make a profit, a small amount of the utility shared by the buyer and 

14 seller can be taken to pay the marketplace manager. This can be in the form of a 

15 percentage or flat fee taken from the utility shared by the buyer and seller to each 

16 transaction. This operates in a manner similar to commissions charged in 

17 markets such as stock markets. 

18 The mathematical models described above are used by the matcher 36 to 

19 select an optimal pairing for the participants in the marketplace, and to then 

20 determine the proper transaction price to be used between them. By enforcing 

21 the described constraints, a stable solution is reached that ensures that no 

22 participant could do better by transacting with a different participant. The overall 
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1 utility of te system is utilized while maximizing the utility of the individual 

2 participants. 

3 The result is the fairest possible marketplace, given the constraints on the 

4 system. Each buyer selects a reserve that is bet for that participant, as does 

5 each seller. The reserves are kept private, and used only by the automated 

6 marketplace itself. Without having to undergo a complicated and expensive 

7 iteration process, each participant obtains the best possible outcome for that 

8 given set of buyers and sellers. 

9 While the invention has been particularly shown and described with 

10 reference to a preferred embodiment, it will be understood by those skilled in the 

11 art that various changes in form and detail may be made therein without 

12 departing from the spirit and scope of the invention. 
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